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Abstract One of the main functions of exploratory behaviour is to gain information
about the environment. The adaptive value of such behaviour should vary with ecological
conditions influencing the diversity and stability of resources, as well as with the costs
associated with gathering information. Consequently, predictions can be made about
environmental factors influencing the evolution of exploration. We used comparative
methods, combining a field experiment with literature data, to study correlated evolution
between explorative behaviour and ecology among 13 species of Darwin’s finches.
Controlling for phylogenetic influences, we found that exploration (measured as the pro-
portion of individuals responding in the experiment) increased with diet diversity and the
amount of fruit in diet, consistent with theories stating that exploration aimed at finding
new food types should be more beneficial for generalists than for specialists. However, our
study is the first to demonstrate a correlation between neophilia and food diversity.
Contrary to our prediction, species with a high percentage of concealed food in their diet
were less explorative. A possible explanation for this novel finding is that in our study
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system concealed food may be a stable resource, and species using such resources should
be less dependent on the discovery of new food types.
Keywords Comparative methods  Correlated evolution  Ecological conditions 
Exploratory behaviour  Neophilia
Introduction
In a changeable environment, animals may benefit from obtaining information on the state
and variability of crucial resources such as food, nest material, predators, companions and
mates. However, it may be costly to obtain such knowledge. Moreover, depending on just
how changeable the environment is, the utility of the information gathered will vary. One
way to learn and gather information about the environment is exploratory behaviour. Two
forms of exploration can be distinguished; intrinsic and extrinsic exploration. In intrinsic
exploration, information gathering is the main purpose of the behaviour, whereas in
extrinsic exploration information is taken up in the course of another activity such as
foraging (Winkler and Leisler 1999). Experimental evidence for object exploration that is
not related to foraging, i.e. intrinsic exploration, exists for several taxa (Glickman and
Sroges 1966; Heinrich 1995; Mettke 1995; Mettke-Hofmann et al. 2002). In order to learn
about the quality and property of familiar as well as novel objects, animals approach and
possibly manipulate them. There is a considerable variation among species in the readiness
and intensity of approaching and exploring new situations or objects (Mettke-Hofmann
et al. 2002). Exploratory behaviour may be motivated by neophilia, which is defined as the
spontaneous attraction of an animal to a food item, place, or object because it is novel. In
contrast, neophobia is defined as the avoidance of novel objects, which should inhibit
approach to novel situations or objects (Thorpe 1956). Neophilia and neophobia may be
seen as a continuum of one behavioural trait, but there is also some empirical evidence
suggesting that they are two independent behavioural responses to a novel stimulus
(Chance and Meade 1955; Hughes 1997; Montgomery 1955; Russel and Pearce 1971). If
an animal is confronted with a novel situation both approach and avoidance is often
elicited. Since the behavioural response is often driven by a combination of these factors,
they are not easily separated empirically. Neophilia may be driven by the benefits of
exploration which are thought to be the discovery of new resources, finding new patches of
familiar resources or developing new means of obtaining familiar resources, whereas
neophobia may be driven by the costs of exploration; e.g. risk of predation (Greenberg and
Mettke-Hofmann 2001).
The costs and benefits of exploration are influenced by several ecological factors, which
may account for the striking differences in exploratory behaviour found among species
(Mettke-Hofmann et al. 2002). One of these factors is diet breadth, which is expected to
affect the value of discovering new resources. The latter should be more advantageous for
a generalist than for a specialist (Greenberg and Mettke-Hofmann 2001). Exploitation of
new resources is also favoured by few competing species (which leads to broadening of
feeding niches), as well as by food limitation and instability of food resources (Morse
1980). The other benefits of exploration, i.e. finding new patches of familiar resources or
developing new means of obtaining familiar resources, are thought to be associated with
certain food types. Thus, food types that are difficult to find because they are concealed
(e.g. insects under moss), or patchily distributed in space or time (e.g. fruit) should favour
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the development of sustained investigatory activity (Day et al. 2003; Glickman and Sroges
1966; Mettke 1995; Mettke-Hofmann et al. 2002). Additionally, food that is difficult to
extract from a substrate (e.g. nuts or insects under the bark) and therefore vary substantially
in handling time, should favour persistent exploratory activity to arrive at a good estimate
of the variance in food accessibility (Winkler and Leisler 1999). Support for both pre-
dictions comes from a study on parrots, which reported that latencies to approach novel
objects decreased with increasing amount of fruit in the diet, whereas the duration of
exploration correlated positively with the content of nuts in the diet (Mettke-Hofmann
et al. 2002). The costs of explorations are mainly thought to be related to predation risk and
energetic costs. For example, low density or absence of predators reduces the cost of
exploration and therefore enhances opportunities to experiment with new types of
behaviour (Morse 1980).
Island life combines several of these factors, which may explain the famous fearlessness
and curiosity of island species (Bruner 1974; Grant 1986; Holyoak 1973; Yeaton 1974).
For instance, island species normally have fewer competing species and therefore broader
niches than species or populations from the mainland (Ebenman and Nilsson 1982; Yeaton
and Cody 1974). They are usually also less exposed to predators, which reduces the costs
of exploration and favours the use of alternative resources. Especially for species living on
small islands, resources are limited and the discovery of new food types is crucial (Pulliam
1986).
The Darwin’s finches seem ideal for testing the influence of ecological factors on the
evolution of exploratory behaviours. This group of closely related passerine birds is
restricted to islands and shows high levels of exploration (Bowman 1961; Curio and
Kramer 1964; Grant 1986). However, Darwin’s finches also show marked inter-specific
differences in ecology, which may cause variation in exploratory behaviours. Both diet
breadth and food types thus vary between the two main groups of Darwin’s finches, the
ground finches (mainly seed-eaters) and the tree finches (mainly insectivorous). However,
there is also considerable variation within each of these groups (Grant 1986). Additionally,
on the Galapagos Islands climate and associated plant communities vary along an altitu-
dinal gradient, ranging from very dry coastal areas to lush, food rich cloud forests at higher
altitudes (Jackson 1993). Therefore, the ecological conditions, especially the availability,
abundance and stability of food resources, vary between islands with low and high ele-
vation. As a consequence, these ecological conditions show marked variation between but
also within species, depending on their geographical distribution. Another factor influ-
encing the benefits of exploration, the number of competing species, is a function of island
size and thus also differs between islands.
In general, environmental conditions on the Gala´pagos Islands are harsh and unpre-
dictable (Grant 1985). In order to survive there, Darwin’s finches utilize unusual resources
for passerines and have developed extraordinary behaviours to exploit them. The wood-
pecker finch Cactospiza pallida and the mangrove finch C. heliobates use twigs or thorns
to probe arthropods out of tree holes (Eibl-Eibesfeldt 1961). The sharp-beaked ground
finch Geospiza difficilis pecks at the developing feathers of seabirds, draws blood and
drinks it (Bowman and Billeb 1965). It also cracks eggs by pushing them against a rock
with its feet (Grant 1986). The discovery of such resources may be a consequence of a high
degree of exploratory behaviours.
The aim of our study was to investigate the role of ecology for the evolution of exploratory
behaviours in Darwin’s finches. Using comparative methods, we tested whether exploration,
measured as neophilia, correlated with different aspects of the species’ ecology. We per-
formed a field experiment to examine differences in exploratory behaviours among 13 species
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of Darwin’s finches and combined these results with literature data on various ecological
factors. Based on previous studies (see above), we predicted that exploration correlates with
several ecological factors influencing the benefits of exploration. First, exploration should
correlate positively with diet diversity (breadth) since discovering novel resources should be
more advantageous for generalists than for specialists. Second, we predicted that explora-
tion also correlates positively with the amount of concealed food in the diet (e.g. insects that
are imbedded within an inedible substrate). Food items that are hidden in substrates such as
moss or bark may be hard to find and should therefore favour sustained exploratory
behaviour. Moreover, if food is concealed in rigid substrates such as bark, it might be hard to
extract, leading to persistent exploration. Third, since fruits are patchily distributed and need
close investigation to assess edibility, exploration should increase with the proportion of
fruits in the diet. Finally, because an increase in the number of potential competitors is
expected to result in a decrease in diet breadth, we predicted that exploration correlates
negatively with the number of sympatric species present on the island, as well as with island
size and altitude (which both may predict the number of species present on the island). Also,
food may be more abundant and/or stable on large islands, making the discovery of new
resources (i.e. exploration) less important there than on small islands.
Materials and methods
Study area
On the Gala´pagos Islands, the climate is unusually dry and seasonal for the tropics. There
are two main seasons; a warm and wet period, typically from January to May, and a dry
and cool period for the remainder of the year (Jackson 1993). Additionally, the onset and
amount of rainfall is highly variable between years and Darwin’s finches can experience
extreme food limitations during dry years (Grant 1985).
Rainfall within the archipelago also varies locally and with altitude, thus creating
distinct vegetation zones on the higher islands (ranging from the arid zone near the coast,
to a transitional forest at medium elevation, a cloud forest at higher elevations and a fern
sedge grass zone; Jackson 1993). Exploratory behaviours were studied on three islands:
Santa Cruz (0380 S, 90280 W), Genovesa (1150 S, 90300 W) and Floreana (0200 N,
89900 W). All vegetation zones are present on Santa Cruz and Floreana. On Genovesa,
only the arid and transitional zones are present.
Study species
The Darwin’s finches form a monophyletic group of 15 species (Petren et al. 1999), of
which 14 species are endemic for the Gala´pagos Islands. These finches constitute a clas-
sical example of adaptive radiation. Species mainly differ in beak morphology but also in
body size, reflecting adaptation to different diets (Grant 1986). We studied 13 of the
species occurring on the Gala´pagos Islands (Appendix 1), excluding only the mangrove
finch, the rarest of the Darwin’s finches (Dvorak et al. 2004; Grant and Grant 1997).
Field experiment
We performed the experiment in 2000: 18 January–7 March on Santa Cruz, 13–16 March
on Genovesa and 25–30 March on Floreana. We aimed to investigate intrinsic exploration,
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i.e. when information gathering was the main purpose of the observed behaviour. In order
to measure intrinsic exploration, it is crucial to use objects that are not likely to be
associated with foraging, nest building or mating. We therefore used a variety of novel
objects that were visually distinct from food and nest material (see below). Choosing
objects that are novel and not related to any biological context also minimized differences
in attractiveness between species, a potentially confounding effect that needs to be con-
sidered in empirical studies of exploration.
We performed the experiment during the wet season, i.e. when food is not scarce, to
ensure that finches do not primarily search for food, which otherwise may influence their
motivation and therefore yield different results. It has been demonstrated that in some bird
species individuals explore less, and in others more, when they are hungry (Winkler and
Leisler 1999). In addition, collecting data during the wet season removed possible con-
founding effects of age structure. In Darwin’s finches (personal observations) as in other
bird species (Heinrich 1995; Pellis 1981), juveniles are known to be more explorative than
adults. However, not many juveniles had fledged when we performed the experiment (the
few that were seen were easily identified and subsequently excluded from the analyses).
Exploration can be measured either as fear of new objects (neophobia) or as attraction to
new objects (neophilia). Neophilia may be driven by the need to discover and learn new
resources, whereas neophobia may be driven by predator avoidance or by the risk imposed
by the objects themselves (Greenberg and Mettke-Hofmann 2001). The predation pressure
on adults may be similar for all Darwin’s finches: two species of owls are the only native
predators on adult finches and at least one of these owls occurs on most islands (Jackson
1993). Neophobia tests are usually conducted by placing a novel object near a feeder. By
looking at the difference between the time to approach a feeder in the presence or absence
of a novel object, the effect of the novel object can be measured (Greenberg 1983, 1984).
In neophilia tests, objects are placed alone and should attract the animals to explore them
without additional stimuli. Due to the conservation restrictions on the Gala´pagos Islands, it
was impossible to attract finches to artificial feeding sites and test their tendency for
neophobia. Therefore, we were only able to conduct a neophilia experiment (assuming that
the motivation for approaching novel objects reflected neophilia).
Exploration was tested by placing three novel objects simultaneously in the finches’
natural environment. The objects were: one white roller brush (length 14 cm, diameter
6 cm), one black, folded bicycle-tube (15 9 7 cm) and a pair of white, flexible plastic
tubes (20 9 1.5 cm) bound together with a string. We placed the objects on trees 5–7 m
above the ground using a pole and on bushes 1.5–2 m above the ground in areas with low
vegetation. The objects were placed approximately 1 m apart from each other and
immediately removed after the experiment. We attracted finches by using a bird whistle
during 1 min, at a distance of 12 m from the objects. After 1 min, the presence of Darwin’s
finches and other bird species within a radius of 10 m around the objects was recorded, and
species, sex and age (juvenile or adult) determined. Two radii (10 and 3 m) were deter-
mined using a measuring tape and marked with a little twig. We recorded the birds’
behaviour from a distance of 12 m from the objects, using binoculars.
During 10 min-trials, we recorded the mean time spent within a radius of 3 m from the
object (duration of exploration), and the mean time from arrival to approach within 3 m
(latency). However, a relatively large proportion of the birds did not approach at all within
10 min and could not be included in these measurements. Therefore, we introduced a third
estimate of exploration that took into account the number of individuals that did not approach
within the experimental period. For each species, we thus calculated the proportion of
individuals present within a radius of 10 m that approached within 3 m of the object during
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the experiment. However, calculating this proportion per sample point would often result in
the value 0 or 1 (at many sample points only one individual per species was present at the start
of the experiment). We therefore pooled the data from all sample points and calculated (per
species) the ratio between the total number of individuals approaching within 3 m and the
total number of individuals present within 10 m. This resulted in a single percentage value
per species and island. The proportion of birds that approached the object during the
experiment can be seen as an indirect measurement of latency of exploration, and we sub-
sequently refer to this measurement as ‘‘the proportion of individuals responding’’.
Our three behavioural measurements reflect different aspects of exploration. The
decision to approach and explore a novel object or situation may primarily depend on the
value of information, which should vary with ecological factors such as habitat complexity
or diet breadth (Mettke-Hofmann et al. 2002). The underlying mechanism is probably
curiosity or neophilia (Greenberg and Mettke-Hofmann 2001; Winkler and Leisler 1999).
The latency to approach is most likely influenced by the interplay between neophilia and
neophobia, with the latter primarily influenced by the cost of exploration (Greenberg and
Mettke-Hofmann 2001). Duration of exploration may be more related to the handling time
required to access food (Mettke-Hofmann et al. 2002; Winkler and Leisler 1999).
To avoid repeated measurements of behaviour on the same individual (approach to the
objects, duration of exploration and latency), we either only included individuals that were
clearly distinguishable by plumage characteristics, or measured only one individual per
species and site (when more than one individual was present). To further minimize the risk
of pseudo-replication, sample points were located at least 500 m apart. In total, we
recorded exploratory behaviours at 242 locations (sample points) on three islands.
Ecological data
The ecological data were obtained from the literature, including island size and altitude
(Bowman 1961), number of sympatric species (Grant 1986) and proportions of different
food types (Appendix 2 and references therein). For five species (woodpecker finch, small
tree finch, large tree finch Camarhynchus psittacula, vegetarian finch Platyspiza crassi-
rostris and warbler finch Certhidea olivacea), diet data were available from two vegetation
zones: the Arid and the Scalesia zone on Santa Cruz Island (Tebbich et al. 2004). Diet
diversity was calculated using the Shannon Diversity Index (H). When classifying the
different food types, we were limited by the categories used by previous studies and
therefore had to generalize them by merging different food types (Appendix 2). We
defined concealed food as any food type embedded or hidden in an inedible substrate, e.g.
insects under bark or in tree holes. In contrast, fruits, flowers, seeds and insects on the
surface of a substrate were classified as non-concealed food. The proportion of these food
types was calculated from the total.
Comparative analyses
We related inter-specific differences in exploration to the ecological conditions prevailing
on the three islands where we performed the field experiment. For six species, we recorded
exploratory behaviours on more than one island. However, species-specific data on food
choice and diversity were not available for all islands, so we only included one island data
set per species in the analyses (selecting the island with data on exploration as well as all
the ecological variables; Appendix 1 and 2).
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We examined the relationships between exploration and ecology using phylogenetically
independent contrasts (Felsenstein 1985), as implemented by Purvis and Rambaut (1995).
We thus calculated contrasts (differences) in exploration between pairs of species or higher
taxa in the phylogeny and correlated them with the corresponding contrasts in ecology. We
standardized the contrasts by setting branch lengths to unity (i.e. assuming equal rates of
evolutionary change per unit branch length throughout the phylogeny) and dividing each
contrast by its standard deviation (Felsenstein 1985; Harvey and Pagel 1991; Purvis and
Rambaut 1995).
Price (1997) suggested that assessing correlated evolution using species values, i.e. not
correcting for the influence of phylogeny, can sometimes be justified (but see Felsenstein
1985; Harvey and Pagel 1991). Furthermore, differences between species and contrast
correlations may be biologically informative (see Price 1997). In our study, however,
species values and independent contrasts produced consistent results (not shown), as found
previously (e.g. Mank and Avise 2006).
Several questions regarding the phylogeny of the Darwin’s finches remain unanswered
(see Zink 2002). However, two recent molecular studies agree in some important
respects. Both of these studies, based on variation in nuclear (Petren et al. 1999) and
mitochondrial DNA (Sato et al. 1999), respectively, suggest that the Darwin’s finches
have originated from a single ancestral species, with the ground finches (Geospiza) and
the tree finches (Camarhynchus and Cactospiza) forming two monophyletic groups. They
also include the Cocos Island finch Pinaroloxias inornata among the Darwin’s finches,
and place Certhidea olivacea at the base of the phylogenetic tree (Petren et al. 1999;
Sato et al. 1999). Here, we present results based on Petren et al.’s phylogeny, which
includes C. fusca as a separate species (Fig. 1). Recent work supports that C. fusca and
C. olivacea should be treated as two distinct species (Petren et al. 2005; Tonnis et al.
2005). Calculating the independent contrasts using Sato et al.’s phylogeny yielded
qualitatively similar results. Thus, all significant correlations between exploration and
ecology based on this phylogeny were also significant when Petren et al.’s phylogeny
was used for calculating the contrasts (Table 1).
Recently, Petren et al. (2005) demonstrated intra-specific genetic variation among
Darwin’s finches. This new phylogeny suggests a partly different topology compared to
their earlier one (Petren et al. 1999). In particular, some of the populations of Geospiza
difficilis seem to have diverged earlier than previously thought (after the divergence of
Certhidea olivacea but before all other species began to differentiate). Also, the popu-
lation of Geospiza conirostris breeding on Espan˜ola has diverged from the one on
Genovesa, as well as from populations of G. scandens (among which G. conirostris
previously was nested; Petren et al. 1999). However, we did not record exploratory
behaviours on any of the islands where G. difficilis had diverged early according to the
new phylogeny. Moreover, we studied this species as well as G. conirostris on Genovesa,
where the phylogenies appear to concur for these two species (cf. Petren et al. 1999,
2005).
We tested the relationships between exploration and ecology with linear regression
analysis, and present the F-statistics for the null hypothesis that the slope equals zero
(i.e. no influence of ecology on exploration). All regressions were forced through the
origin because the mean value of independent contrasts is expected to be zero under
the null hypothesis (Harvey and Pagel 1991). We checked the assumption of normality
by inspecting the residuals from each regression. In all cases, residuals were approx-
imately normally distributed and showed no apparent relationship with the independent
variable.
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Table 1 Regression analyses of co-variation between exploration and ecology in Darwin’s finches
Ecological variable Exploration F (n) P
Island size Proportiona 0.77 (12) 0.40
Durationb 0.02 (12) 0.89
Latencyc 4.47 (12) 0.06
Diet diversity Proportion 14.51 (8) 0.007*
Duration 0.05 (8) 0.82
Latency 2.94 (8) 0.13
Concealed food Proportion 7.01 (8) 0.03*
Duration 0.01 (8) 0.93
Latency 6.32 (8) 0.04
Proportion fruit Proportion 16.85 (8) 0.005*
Duration 0.01 (8) 0.91
Latency 3.13 (8) 0.12
Relationships were examined using phylogenetically independent contrasts based on the phylogeny pre-
sented by Petren et al. (1999). Asterisks denote results that were statistically significant (P \ 0.05) also with
an alternative phylogenetic hypothesis (Sato et al. 1999). Sample size (n) refers to the number of inde-
pendent contrasts
a Proportion of individuals present within a radius of 10 m that approached within 3 m of the object during
the experiment
b Mean time spent within a radius of 3 m from the object

















Fig. 1 Phylogeny of the Darwin’s finches (excluding the mangrove finch Cactospiza heliobates) based on
microsatellite DNA length variation and reconstructed using GST and UPGMA (Petren et al. 1999). Branch
lengths were set to unity. Tiaris olivacea (yellow-faced grassquit) and Sporophila aurita (variable seedeater)
are two continental species believed to be the closest mainland relatives of the Darwin’s finches (Petren
et al. 1999 and references therein)




At 221 of the 242 sample points, a total of 516 Darwin’s finches were present after using
the bird whistle. The mean number of birds present (Darwin’s finches and other passerines)
was 3.5 (SD = 2.1, range 1–12), and the mean number of species present was 2.4
(SD = 1.1, range 1–6). In total, 246 Darwin’s finches (47.7% of the total) approached
within 3 m or less. However, we were only able to record the duration of exploration for
224 individuals and latency for 109 individuals. Mean duration of exploration was 55 s
(SD = 60, range 2–300 s), and mean latency was 167 s (SD = 13, range 0–600 s).
Correlations among variables
Island size is strongly correlated with island altitude (Spearman rank correlation,
rs = 0.93, P \ 0.001, n = 14 islands) as well as the number of species of Darwin’s finches
present on the island (minimum number: rs = 0.82, P \ 0.001; maximum number:
rs = 0.61, P = 0.02; n = 14 islands). Of these variables, we therefore only included island
size in the analyses. In contrast, our three measures of exploration were not significantly
correlated (Spearman rank correlation, P [ 0.17, n = 13 species).
Influence of ecology on exploratory behaviours
As predicted, we found a positive relationship between the proportion of individuals
responding and diet diversity (P = 0.007; Fig. 2a, Table 1). This measure of exploration
correlated positively also with the percentage of fruit in the diet (P = 0.005; Fig. 2b,
Table 1). Contrary to our prediction, the proportion of individuals responding was nega-
tively correlated with the percentage of concealed food in their diets (P = 0.03; Fig. 2c,
Table 1). Finally, latency increased with an increasing proportion of concealed food in the
diet (P = 0.04; Table 1). Other relationships between exploration and ecology were not
statistically significant (P C 0.06; Table 1).
Discussion
We found that exploratory behaviour in Darwin’s finches correlates with several aspects of
their feeding ecology. Furthermore, controlling for phylogenetic effects using two different
phylogenetic hypotheses yielded consistent results. Although we cannot rule out con-
founding factors (see e.g. Price 1997), our findings suggest correlated evolution between
exploration and feeding ecology in the Darwin’s finches. It is possible that we could have
found stronger effects during the dry season, because it is plausible that the finches are
more explorative during this time of the year. However, we see no reason why the patterns
we detected in the wet season should disappear or reverse during the dry season.
We found no significant correlations among our three measures of exploratory behav-
iour, which may reflect that they are independent constituents of exploration (Winkler and
Leisler 1999). However, Webster and Lefebrve (2001) reported a positive correlation
between latency to approach a novel apparatus and the duration of contact. With one
exception (the relationship between latency and amount of concealed food in the diet), only
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the proportion of responding individuals correlated significantly with the ecological fac-
tors. One possible explanation for why we found no significant relationships when using
latency or duration of exploration may be that these measurements do not consider the
birds that do not approach within the experimental period. They therefore disregard more
neophobic individuals that might need longer time to approach or perhaps would not
approach at all.
As predicted, exploration (measured as the proportion of individuals responding)
increased with diet diversity. This result is consistent with previous studies reporting a
relationship between generalist behaviour and exploration (measured either in neophilia or
neophobia experiments; e.g. Greenberg 1984, 1990; Mettke-Hofmann et al. 2002; Webster
and Lefebvre 2001; but see Day et al. 2003). However, only one of these studies examined
exploration in a large species group while correcting for phylogenetic influences. Mettke-
Hofmann et al. (2002) conducted tests on 61 species of parrots in captivity and found that
species that typically dwell in complex habitats such as forest edges are more neophilic
Contrast diet diversity





































Contrast proportion concealed food


















Fig. 2 Exploration (measured as proportion of individuals responding in a field experiment) and feeding
ecology in Darwin’s finches. The graphs show the relationships between standardized linear contrasts in
exploration and (a) diet diversity, (b) proportion of fruit in the diet, and (c) proportion of concealed food in
the diet
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than those living in more uniform habitats. Greenberg (1984, 1990) showed that generalist
species of warblers (e.g. chestnut-sided warbler Dendroica pensylvanica) and sparrows
(e.g. song sparrow Melospiza melodia) are less neophobic than their more specialized
congeners (e.g. bay-breasted warbler D. castnea and swamp sparrow M. georigiana).
Similarly, the bananaquit Coereba flaveola, a foraging generalist, is less neophobic
compared to the specialized lesser Antillean bullfinch Loxigilla noctis (Webster and
Lefebvre 2000). Our study is, however, the first to demonstrate a positive correlation
between exploration measured as neophilia and diet diversity.
The positive correlation between proportion of individuals responding and amount of
fruit in their diets was also predicted and in line with previous findings. In a comparative
study, Mettke-Hofmann et al. (2002) thus found that short latencies of exploration were
associated with high amounts of buds and fruits in the diet.
We did not, however, predict the negative relationship between exploration and pro-
portion of concealed food in the diet. Moreover, latency correlated positively with the
amount of concealed food, supporting a negative relationship between exploratory
behaviour and concealed food. One possible explanation for these novel findings may be
that concealed resources are more stable and predictable in supply compared to food that is
not concealed (Ellis et al. 1976; Sherry 1990). If so, species that rely on such predictable
resources should be less dependent on the discovery of new food types and can therefore
afford to be less explorative. Indeed, the Neophobia Threshold Hypothesis suggests that
selection does not favour high levels of exploration in species that specialize on predictable
resources (Greenberg 1983; Greenberg and Mettke-Hofmann 2001). This hypothesis
addresses the proximate regulation of ecological plasticity and assumes that the same
factors that select for neophobia also select for specialization. It posits that the degree of
neophobia will strongly determine the probability that new resources will be investigated
and hence incorporated into the niche of an individual. Specialists will thus remain such
because they are neophobic, whereas generalists may broaden their niche because they are
more likely to explore their environment.
An alternative explanation for the correlations between exploratory behaviour and
feeding ecology could be that the movement patterns of Darwin’s finches differ among
species, thereby perhaps influencing the likelihood to unintentionally move within close
distance to the experimental objects. Since we did not record the birds’ natural move-
ment patterns, our study does not permit an evaluation of this possibility. Due to the
relatively large size of the objects, however, we consider it unlikely that the birds
approached the objects without actually noticing them. Although the finches usually
approached the objects without manipulating them, 18% of the birds obviously visually
inspected the objects (44 out of 246 birds that approached within 3 m). However, it is
very likely that birds that approached the objects within 3 m also inspected them. Visual
inspection can be difficult to detect in birds because of the lateral position of their eyes
and because it can be very brief. Winkler and Leisler (1999) noted that a brief glance at
an object may suffice for a bird to assess the state or quality of a resource. In captivity,
woodpecker finches soon approached objects of similar size and structure, but it often
took several hours until they started manipulating them (S. Tebbich and B. Fessl,
unpublished).
Another ecological influence on exploratory behaviour may be size and composition of
the groups of birds present at the start of the experiment. The social context has been
shown to encourage, or to delay object exploration. Birds in groups show less neophobia
than solitary ones (Coleman and Mellgren 1994). Furthermore, the order of approach and
duration of exploration are influenced by the dominance hierarchy within the group,
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including interactions between individuals of the same or different species (e.g. Katzir
1982; Mettke-Hofmann et al. 2002; Sto¨we et al. 2006). Given that our experimental period
was 10 min, however, we think that it is unlikely that dominance hierarchies influenced the
proportion of approaching individuals. Mean duration of exploration was 55 s, and the
mean number of birds exploring was 3.5. Therefore, at most sample points the experi-
mental period was sufficient for most individuals to approach.
In summary, our results suggest correlated evolution between exploratory behaviour and
feeding ecology in Darwin’s finches. Consistent with theoretical predictions, we show that
the intensity of exploration correlates positively with diet diversity and the amount of fruit
in the diet. Unexpectedly, species with a higher percentage of concealed food in their diet
are less explorative. The most likely explanation for this result is that, at least in Darwin’s
finches, concealed food resources may be more stable than those that are not concealed.
Our results thus imply that the expected relationship between exploration and hidden food
in some cases may need to be modified by taking resource stability into account.
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Appendix
Appendix 1 Experimental data on explorative behaviour in 13 species of Darwin’s finches
Species Individuals present Individuals approaching Sample points Island
Geospiza fuliginosa 82 38 42 St Cruz
G. fortis 40 24 40 St Cruz
G. magnirostris 20 11 20 St Cruz
G. scandens 13 6 10 St Cruz
G. conirostris 23 10 14 Genovesa
G. difficilis 22 11 19 Genovesa
Camarhynchus parvulus 95 50 69 St Cruz
C. psittacula 9 2 9 St Cruz
C. pauper 35 24 25 Floreana
C. pallida 30 9 27 St Cruz
Platyspiza crassirostris 13 7 13 St Cruz
Certhidae fusca 28 13 25 Genovesa
C. olivacea 106 41 66 St Cruz
The table shows number of individuals present after attracting them with a bird whistle, number of indi-
viduals approaching within three meters or less of the experimental objects (see text), and total number of
sample points where the species was recorded
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